Background: The Barratt Impulsiveness Scale (BIS) is one of the most commonly used self-report measures of trait impulsivity. However, the reliability of this measure among individuals who abuse substances has not yet been well examined. The purpose of this study was to evaluate the reliability and validity of the Chinese version of this measure in abstinent, opioid-dependent participants. Methods: The opioid-dependent participants were all male inmates recruited from two official correction agencies located in northern Taiwan, from October 2006 to September 2007; of these participants, the retest group completed a second assessment after 1 month. The internal consistency reliability of the BIS version 11 (BIS-11) was assessed by calculating the Cronbach a coefficient. Testeretest reliability was assessed based on intraclass correlation coefficients. Factor validity was examined using principal component analysis. Internal consistency and factor validity of the BIS-11 were investigated in a sample of 153 participants, and testeretest reliability was analyzed in 67 participants. Results: A three-factor structure of BIS-11 representing psychological constructs similar to those originally identified in other translations of the BIS-11 was found. The Cronbach a coefficient for this instrument was 0.83, indicating high internal consistency, and the intraclass correlation coefficient was 0.66, indicating good testeretest reliability. The BIS-11 had highest reliability among participants without a criminal history. The testeretest reliability was still satisfactory among participants with a lower education level or alcohol dependence. Conclusion: This study suggests that the Chinese version of the BIS-11 is a reliable measure and has potential utility for investigating impulsivity in opioid-dependent individuals.
Introduction
Impulsivity is implicated in many psychiatric disorders, including substance use disorder, personality disorder, and bipolar disorder, because of the shared underlying biological substrates of these disorders. 1 Clinically, impulsivity is one of the most important dimensions of the presentation in substance abuse. Conceptualized as a compulsive drug-seeking behavior, substance abuse is known to be involved in the inability to control the impulse to use the substance. Impulsivity may enhance the subject's vulnerability to drug abuse and/or relapse. 2 Manifested as impulsive choices or failure to inhibit behaviors, impulsivity plays an important role in several key transitional phases of drug abuse. 3 Therefore, accurate assessment of impulsivity in this population is of significant clinical importance for both prevention and treatment, and repeated measures may be necessary.
The Barratt Impulsiveness Scale version 11 , is one of the most commonly used self-report measures of trait impulsivity. Its psychometric properties have been documented in both clinical and nonclinical populations. 4 Over the past decade, multiple translations of the BIS-11 have been published, and these translations have demonstrated good validity and reliability among different populations. 5e8 Studies indicate that impulsivity as measured by the BIS-11 is correlated with neurotransmitter function and orbitofrontal-sensitive measures. 9 ,10 Importantly, BIS-11 scores might predict the amount of cocaine use, withdrawal symptoms, treatment retention, and drug craving. 11, 12 Regarding clinical applications, however, few studies have attempted to examine the testeretest reliability of the measure among substance abusers, 4 which is important to justify the use of this measure in repeated measurement for treatment planning and outcome assessment. For instance, Patton and colleagues report good internal consistency for the BIS-11 in substance abusers, but they did not examine its testeretest reliability. 6 Orozco-Cabal et al have reported good internal consistency and testeretest reliability of an abbreviated version of the BIS (BIS-15S), but only 15 substance abusers were included in their clinical sample, 13 and the agreement levels might be underestimated because of the small sample size. Previous studies have revealed that the BIS-11 is sensitive to distinctions between substance abusers and controls. For instance, higher BIS-11 scores are found in cocaine-dependent subjects 14 and opioid-dependent subjects 15 relative to controls. Nevertheless, the testeretest reliability of this population should be investigated for further clinical applications.
Self-reports of behavior are prone to several biases. Inconsistent reporting limits the accuracy and utility of selfreported measures. 16 Drug abusers may be particularly prone to inconsistently reporting their behavior, thus affecting the precision of their self-reported data.
17e19 Moreover, severe drug use appears to reduce the testeretest reliability of selfreport questionnaires, such as the Beck Depression Inventory, in individuals undergoing opiate agonist maintenance treatment. 20 In considering the further application of this assessment tool, this study chose a juridical setting, where the subjects were in a stable abstinent condition, and the addiction course itself and other state markers of impulsivity would not confound this stability, despite the high prevalence of antisocial personality disorder among the opioid addiction participants. 21 This study evaluated the internal consistency, testeretest reliability, and factor structure of the BIS-11 on a larger sample of opioid-dependent participants, as well as possible biases that might influence the reliability of this instrument.
Methods

Setting
The experimental group was recruited from two official correction agencies located in northern Taiwan from October 2006 to September 2007: the Taipei Detention Center and the Sindian Drug Abuser Treatment Center. Inmates arrested for illicit drug use were incarcerated at the Taipei Detention Center for a short-term detoxification treatment. Those evaluated as having a high risk of relapse were transferred to the Sindian Drug Abuser Treatment Center for a minimum 6-month rehabilitation that included group psychotherapy, occupational therapy, and an abstention-counseling program.
Participants and procedures
Only men were recruited for the current experimental group because these correction agencies only accept male inmates. When obtaining informed consents, we highlighted to the participants that they could refuse to participate in the study as it was only for scientific research rather than being a mandatory treatment course. Board-certified psychiatrists screened all participants for psychiatric illness using the MINI International Neuropsychiatric Interview. 22 Criminal and detailed substance-use histories were collected. All participants tested negative for HIV. Participants who met the Diagnostic and Statistical Manual of Mental Disorders, 4 th edition, criteria for opioid dependence were included in the study, whereas those with current or past psychotic disorders were excluded.
To address the concern that reliability coefficients might be strongly influenced by even a single outlier, we identified the outliers in three steps. First, the difference in scores between the two time points of self-reports were calculated; second, the mean difference score and standard deviation (SD) for each variable were determined; and third, differences in score of more than 3 SDs from the mean were deleted.
In total, 169 opioid-dependent participants who met the inclusion criteria were enrolled into the study. A total of 156 participants, including 72 men from the Taipei Detention Center and 84 men from the Sindian Drug Abuser Treatment Center, completed the first BIS-11 without missing items. At the time of assessment, all participants were opioid-free and had no acute withdrawal symptoms (average incarceration period 184 AE 140 days). Three outliers were identified after retest according to the quality control process and then excluded from the analyses. As a result, we investigated the internal consistency and factor validity of BIS-11 in a sample of 153 participants.
Seventy-three participants from the Sindian Drug Abuser Treatment Center were readministered the follow-up BIS-11 approximately 1 month later. To minimize bias, participants were instructed not to try to recall how they had answered the first time and were informed that the researchers wanted to determine "How people see themselves at two different time points". The data from three participants were excluded from further analyses for testeretest reliability because of missing items on the second BIS-11. Three outliers identified after retest were also excluded from analyses. As a result, we investigated testeretest reliability in the retest group of 67 participants.
Regarding the control group, 78 men who were recruited from the community with the same screening process for psychiatric illness completed the single-time BIS-11. To be included in this study, participants could not have any substance use disorder or psychotic disorder.
Written informed consent was obtained from all participants prior to participation according to a protocol approved by the Institutional Review Board of the Bali Psychiatric Center, Taiwan.
Measures
The BIS-11 is a 30-item self-report questionnaire that is widely used to measure impulsivity in a variety of populations. 6, 11, 23, 24 All items are measured on a 4-point Likert scale (1 ¼ rarely/never; 2 ¼ occasionally; 3 ¼ often; 4 ¼ almost always/always). Higher scores indicate higher impulsivity. Eleven of the 30 items are reverse-scored to avoid a response bias. This scale assesses long-term patterns of behavior by asking the participants to answer questions concerning the ways in which they act and think without reference to a specific time period. Thus, the BIS-11 is considered a trait rather than a state measure of impulsivity.
11
Our participants used the 25-item Chinese version of the BIS-11, which was translated from the original English version. During validation in our previous study of an adolescent population (n ¼ 672) in Taiwan, 8 five of the original 30 items demonstrated a corrected item-total correlation of less than 0.1 and were then removed from the scale. The remaining 25 items of the BIS-11 demonstrated high overall internal consistency (Cronbach a ¼ 0.834). 8 A principal component analysis (PCA) identified three major factors within the 25 items. 8 These factors include inability to plan (Factor 1), lack of self-control (Factor 2), and novelty-seeking (Factor 3); moreover, these factors represent psychological constructs similar to those originally identified in other translations of the BIS-11 5e7 : inability to plan and look ahead (nonplanning impulsiveness), lack of perseverance and self-control (attentional impulsiveness), and novelty-seeking and acting without thinking (motor impulsiveness), with a fair amount of overlap in item loadings. 8 
Statistical analyses
Data were analyzed using the Statistical Package for the Social Sciences (version 11.5; SPSS Inc., Chicago, IL, USA). The BIS-11 total scores and scores on the three subscales (Factor 1, Factor 2, and Factor 3) were calculated according to the factor structure found in our previous study of an adolescent population. 8 The internal consistency of the BIS-11 and its subscales were assessed by calculating the Cronbach a coefficient. Using Streiner's guidelines, we labeled alphas from 0.70 to 0.79 as "adequate" and those greater than 0.80 as "high." 25 Testeretest reliability was based on the intraclass correlation coefficient (ICC). We used Cicchetti's recommendations to interpret the ICCs as poor (<0.40), fair (0.41e0.59), good (0.60e0.74), or excellent (>0.75). 26 Because the 25-item Chinese version of BIS-11 was validated in an adolescent population in Taiwan, factor analysis was needed to make sure the same factor structure could apply to adult opioid-dependent participants. Therefore, the factor validity was examined in our participants using PCA.
Results
Participant characteristics
The 153 male opioid-dependent participants had higher BIS-11 total scores than the 78 male controls in a two-sample t test (58.6 AE 8.5 vs. 51.8 AE 7.9; p < 0.001). Their demographic profile was statistically different in education level (opioid-dependent participants, 9.0 AE 2.0 years of education; controls, 14.0 AE 2.2 years of education; p < 0.001), but not in age (opioid-dependent participants, 36.3 AE 8.4 years; controls, 33.6 AE 13.9 years; p ¼ 0.12). Table 1 shows the demographic profile and clinical characteristics of the opioid-dependent participants who were retested on the BIS-11 and those who were not. The retest group had higher BIS-11 total score ( p ¼ 0.001), and higher rate of criminality ( p ¼ 0.004), which might reflect the higher impulsivity and more frequent high-risk behaviors of this population (i.e., a history of criminality). In terms of substance history, these two groups had a similar history of alcohol dependence and amphetamine abuse. However, the retest group had higher rate of ketamine abuse ( p < 0.001).
Internal consistency
We examined internal consistency by computing Cronbach a coefficients for the total BIS-11 and its subscale scores across all participants (n ¼ 153; Table 2 ). The total score for Cronbach a was 0.83, indicating high internal consistency. Cronbach a values for the subscales were 0.81, 0.71, and 0.59 for Factors 1, 2, and 3, respectively.
Testeretest reliability
Testeretest reliability is shown in Table 2 (n ¼ 67). The total BIS-11 scale ICC was 0.66, indicating good testeretest reliability. The individual subscale ICCs were 0.58, 0.57, and 0.50 for Factors 1, 2, and 3, respectively, indicating fair reliability.
Clinical characteristic effects
To further examine the effects of the clinical characteristics on our participants, we stratified the study group by education level, criminality, and severity of alcohol use. The results are shown in Table 3 .
The BIS-11 total score showed excellent testeretest reliability among participants who had no criminal history. Participants with less education or alcohol dependence had adequate testeretest reliability. Cronbach a coefficients within the strata ranged from 0.75 to 0.85, indicating adequate to high internal consistency.
Factor validity
We performed a factor analysis of the 25-item Chinese version of the BIS-11 by extraction with PCA. The first three components had an eigenvalue greater than 1.5, met the criteria of the scree test, and explained 40.9% of the variance. The first component (Factor 1: inability to plan) accounted for 23.02% of the total variance. The second component (Factor 2: lack of self-control) accounted for 10.80% of the total variance. The third component (Factor 3: novelty-seeking) accounted for 7.07% of the total variance. Table 4 shows the factor loadings of all 25 items on these three factors after Varimax rotation. The items that were recategorized into different factors compared to the previous factor structure found in the adolescent population are specified.
Discussion
This study demonstrated that the Chinese version of the BIS-11 was stable over approximately 1 month, with a total score testeretest ICC of 0.66. This instrument was also sensitive to the distinctions between opioid-dependent participants and controls. To our knowledge, this study is the first to support the testeretest reliability of the BIS-11 in a sample of opioid-dependent participants.
A three-factor structure of the BIS-11 representing inability to plan and look ahead (nonplanning impulsiveness), lack of perseverance and self-control (attentional impulsiveness), and novelty-seeking and acting without thinking (motor impulsiveness) has been constantly demonstrated in the literature. 5e7 The factor structure of the Chinese version of the BIS-11 in our population revealed similar psychological constructs to those originally identified in other translations of the BIS-11. 5e7 The factor analysis of the Chinese version of the BIS-11 in our population (n ¼ 153) also closely replicated the factor structure found in an adolescent population (n ¼ 672), 8 with three identified factors representing a deficit in planning (Factor 1), lack of self-control (Factor 2), and novelty-seeking (Factor 3), respectively (Table 4) . Six items were categorized into different factors in our population than they were in the adolescent population. However, four out of these six items had factor overlapping between two factors. Therefore we still applied the same factor structure derived from the larger adolescent population (n ¼ 672) in our present study to Table 2 Cronbach a and intraclass correlation coefficients (ICCs) of the Barratt Impulsiveness Scale (BIS). analyze internal consistency and testeretest reliability of BIS-11 and its subscales. The internal consistency of the total scale was high in our population (Cronbach a coefficient ¼ 0.83). This finding is in line with previous findings that have validated the Chinese version of the BIS-11 in a nonclinical adolescent population. 8 Our study results are also comparable to those from earlier studies of several different translations and populations of the BIS-11, with the Cronbach a coefficient ranging from 0.71 to 0.83, 4e7 but specifically regarding opioid-dependent participants.
The testeretest reliability of the Chinese version of the BIS-11 in our population is slightly lower than that of the Japanese version in female college students (ICC ¼ 0.66 vs. 0.71). However, the ICC of 0.66 still indicates good testeretest reliability, according to Cicchetti's recommendations. 26 The finding of temporal stability of the BIS-11 over approximately 1 month might be useful in future applications of this instrument for determining how impulsivity is impacted by treatment. Bankston et al report that the substance abuser's BIS-11 score decreases with a 9-month stay in a therapeutic community, and that therapeutic community factors might contribute to the decrease in impulsivity. 27 With the testeretest reliability being established in this population, the difference scores between each time point can be viewed as a change in the participant's trait impulsiveness rather than random fluctuations of this instrument. Detailed analysis of the BIS-11 items that differed between each time point, as well as an examination of which items changed as a result of interventions, may be useful in identifying those interventions most in need of management to reduce impulsivity in this population.
In general, self-reports of behavior are vulnerable to social desirability biases. Participants may provide responses that are socially acceptable or that are in line with an impression they desire to create. 16 Collecting accurate self-reported data is challenging because of these motivational biases, the cognitive demands of recalling past behaviors, and the cognitive limitations of illiterate individuals whose poor comprehension or concentration might lead them to provide inaccurate selfreports. 28 ,29 Table 4 Factor loadings of 25-item Chinese version of the Barratt Impulsiveness Scale version 11 (BIS-11) (n ¼ 153). In substance abusers, there are several concerns: individuals with opioid dependence often suffer from co-morbid antisocial personality disorder, 30, 31 which renders the information gathered from them questionable. Considering the cognitive demands of recalling past behaviors, alcohol dependence being common among individuals who use illicit substances, frequent deficits in abstraction, comprehension, and memory are found in recently detoxified patients with alcoholism. 32 In addition, low literacy might be a barrier to understanding the BIS-11 items.
Because the diagnosis of antisocial personality disorder is difficult to confirm in a single interview without reliable additional information, we compared reliability data stratified by criminal history rather than by diagnosis. Although participants without a criminal history had the highest ICCs and Cronbach a coefficients, those with criminal histories still had fair-to-good testeretest reliability with adequate internal consistency.
After comparing the reliability data of alcohol-dependent versus nondependent participants, we found that the alcoholdependent subgroup still had good testeretest reliability with adequate internal consistency. Because these participants were incarcerated and were in abstinent state, and the psychiatric diagnosis was a lifetime diagnosis rather than a current diagnosis, the impact of alcohol dependence was no more significant than we expected. With respect to the language and literacy barriers, the subgroup with less education had slightly less internal consistency, which might be related to their limited ability to understand the BIS-11 items, but this inability remained stable so the testeretest reliability was still satisfactory (ICC ¼ 0.77).
In conclusion, the BIS-11 total score had highest reliability among opioid-dependent participants without a criminal history. Nevertheless, participants with less education or alcohol dependence still showed good testeretest reliability with adequate internal consistency. Thus, we have demonstrated that this instrument is still reliable, despite the considerations mentioned above.
The current study has several important limitations that should be considered. First, our study population consisted of participants with the most severe form of opioid addiction, that is, those who were institutionalized because they had a high risk of relapse and might need long-term rehabilitation. Second, we recruited only men into the study. Considering the clinical heterogeneity of opioid addiction, our participants' BIS scores might not be similar to those of opioid-dependent individuals in the community. Third, we assumed that the trait impulsiveness between both measurements were the same across 1 month, which might not be the case in opioid addiction. In addition, although the opioid-dependent participants had higher BIS-11 total scores compared with controls, we should consider the possibility that the scores are to some extent influenced by their statistically different education levels. Moreover, the involuntary setting of these participants, with confounders such as environmental effects and psychosocial intervention, might have biased their BIS-11 questionnaire responses. In this sample, however, the most important factor might have been participants' drug-use states, which we controlled for.
With these limitations in mind, this study shows that the internal consistency and testeretest reliability of the Chinese version of the BIS-11 are satisfactory among abstinent, opioiddependent men. The factor structure of the scale in our population represents similar psychological constructs to those originally identified in other translations and populations of In addition, the scale also has the capability to discriminate between clinically impulsive individuals and controls. In short, this study suggests that the Chinese version of the BIS-11 is a reliable measure and has potential utility for investigating impulsivity in opioid-dependent individuals.
